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TRANSCRIPTOMIC SIGNATURES IN CARTILAGE AGEING
M.J. Peffers, S.R. Tew, P.D. Clegg. Univ. of Liverpool, Neston, United
Kingdom
Purpose: Whilst articular cartilage is susceptible to age-related osteo-
arthritic degeneration, it is not an inevitable result of ageing, but
a consequence of inter-relationships between many predisposing
factors. To better deﬁne the actions age has within osteoarthritis (OA) it
is therefore useful to examine and understand the processes involved in
ageing of healthy cartilage. We were interested in whether age affected
gene expression in cartilage and also post-transcriptional regulation of
cartilage genes. RNA-Seq has been demonstrated to be an effective
approach for gene expression proﬁling in ageing tissues with the ability
to detect non-coding RNAs. Therefore we undertook an RNA-Seq
experiment on young and old cartilage to characterize molecular
mechanisms associated with age-related changes in gene signatures.
Methods: Cartilage explants were obtained from macroscopically
normal metacarpophalangeal joints of young (4 years) and old (>15
years), equine cartilage (n¼4 per group) and cultured for 24 hours. Then
RNA was extracted prior to or following 5 hours incubation of the
explants with the transcription inhibitor actinomycin D. Ribosomal RNA
depleted samples were used for RNA-Seq library preparation and
sequencing using the Illumina HiSeq 2000 platform. The 100bp paired-
end reads obtained were aligned onto the equine chromosomes. The
Bioconductor package edgeR was used to identify differential gene
expression (DGE). Genes were differentially expressed between age
groups with a Benjamini-Hochberg false discovery rate corrected P-
value < 0.05 and a fold change  1.4 using a generalized linear model
likelihood ratio (LR) test. Statistical analysis of decay and age together
was undertaken using two factors and signiﬁcance tested with an LR
test. Gene ontology investigations were undertaken using Ingenuity
Pathway Analysis (IPA) and results validated using RT-PCR.
Results: Analysis identiﬁed 16,635 genes expressed in cartilage.
Data clustered into groups relating to old and young using principal
component analysis. DGE demonstrated signiﬁcant age-related
changes. There were 396 genes differentially expressed; 93 were at
higher levels and 303 were at lower levels in older cartilage. There was
a reduction in DGE of 42 genes relating to matrix proteins, degradative
proteases, matrix synthetic enzymes, cytokines and growth factors in
cartilage derived from older donors compared to young (Table). IPA
indicated top scoring networks from DGE were from connective tissue
disorders and development. A small subset of genes demonstrated age
related alterations in post-transcriptional control including 10 protein
coding genes, four small nuclear RNAs and a pseudogene. Validation
with qPCR of 14 genes conﬁrmed the ﬁndings of the RNA-Seq data.
Conclusions: The age-related DGE changes identiﬁed most notably
involved reduced gene expression in older cartilage. The reduced gene
expression of matrix proteins, degradative proteases, matrix synthetic
enzymes, cytokines and growth factors identiﬁed in cartilage derived
from older donors points to the development of a more quiescent
phenotype as cartilage ages. Our results contrast to others who have
provided evidence for a chondrocyte secretory phenotype in ageing
demonstrated by an increase in degradative proteases and cytokines. It1063-4584/$ – see front matteris interesting that our methods identiﬁed only a few transcripts whose
decay rates were altered by ageing in contrast to our previous conclu-
sions that a large number of transcript decay rates are altered by OA.
These results warrant further studies to examine mRNA decay in ageing
in order to understand the differences in the regulatory dynamics
affecting gene expression in ageing and OA.
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